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End-to-End Anastomoses
M. Hakimi, P. Knez, B. Bethge, K. Nelson, M. Storck and T. Schmitz-Rixen*Division of Vascular and Endovascular Surgery, Johann Wolfgang Goethe University,
Frankfurt am Main, GermanyObjective. To quantify the influence of elastic and non-elastic external mesh support on para-anastomotic hypercompliance
in end-to-end anastomoses (ex vivo).
Materials. Six end-to-end anastomoses prepared from ovine carotid arteries without mesh support and with external elastic
and non-elastic dacron mesh support.
Methods. Compliance profiles of the anastomised arterial segments were measured successively, in the same anastomotic
configuration without mesh support, with external elastic dacron mesh support and with external non-elastic dacron mesh
support (randomized order). A pulsatile ex vivo perfusion system using a laser scan micrometer to monitor outer systolic
and diastolic diameter was employed.
Results. Median pre-anastomotic and post-anastomotic hypercompliance without external mesh support were 1.45 and
1.19%/100 mmHg, respectively, above reference compliance. Use of the elastic mesh support significantly reduced the
median hypercompliance to 0.68%/100 mmHg (pre-anastomotic) and to 0.34%/100 mmHg (post-anastomotic) above
reference compliance. The non-elastic mesh support caused approximately the same significantly reduced median
hypercompliance to 0.53%/100 mmHg (pre-anastomotic) and 0.43%/100 mmHg (post-anastomotic).
Conclusions. Both elastic and non-elastic external mesh support significantly reduced pre- and post-anastomotic
hypercompliance.Keywords: Anastomosis; Compliance; External mesh support; Hypercompliance; Para-anastomotic; Stent.Introduction
Epidemiologial data indicate a rapid rise in vascular
interventions, resulting not only from an increased
incidence of vascular disease but from improved
therapeutic possibilities through interventional and
operative procedures. Intimal thickening has been
observed in treated arteries and has been attributed to
smooth muscle cell migration from the media and
proliferation in subintimal areas. In addition, increase
of extracellular matrix due to secretion by these cells
has been observed. Especially in small caliber vessels
these mechanisms can lead to stenosis and occlusion
within weeks or months after vascular intervention,
limiting post-procedural patency. It is thought that theng author. Prof Dr T. Schmitz-Rixen, Department of
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be the stimuli, which cause cell proliferation, resulting
in intimal hyperplasia and, ultimately, occlusion. For
this reason anastomotic engineering is receiving
increased attention, since long-term patency is the
most important goal of vascular reconstruction.1–4
This study evaluates compliance, which describes
vessel elasticity, of end-to-end arterial anastomoses
without and with an external mesh (elastic or non-
elastic polyester mesh sheath). Phenomena known as
para-anastomotic hypercompliance (two zones
directly proximal and distal to the anastomosis) and
anastomotic compliance drop at the suture line,
compared to vessel compliance at a site remote to the
anastomosis, are analysed to describe the degree of
compliance changes in the vicinity of the anastomosis.
Two questions are addressed in this report. First,
whether external sheathing of the anastomotic area
of an arterial end-to-end anastomosis reducesEur J Vasc Endovasc Surg 30, 386–390 (2005)
doi:10.1016/j.ejvs.2005.05.033, available online at http://www.sciencedirect.com onved.
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elastic or non-elastic mesh support better serves to
smooth para-anastomotic hypercompliance.Materials and MethodsAnastomotic configurations
Six end-to-end anastomoses were prepared from
freshly harvested ovine common carotid arteries. The
arteries were rinsed with Ringers solution and
prepared within 8 h. All arteries were approximately
15 cm in length, transsected and anastomosed by
continuous suture line using 6/0 monofil polypropy-
lene suture material (Prolene; Ethicon Inc., Somerville,
NJ, USA). Straight end-to-end anastomoses were
prepared under a microscope (4!) employing an
atraumatic technique including all layers of the vessel
wall. Three different configurations of the same
anastomised vessel were examined. One configuration
(control) was without external mesh support, in a
second the anastomotic region was covered with an
elastic external stent and in a third the anastomotic
region was covered with a non-elastic external stent.
The order of compliance measurement of the three
configurations, without mesh support, with elastic
mesh support and with non-elastic mesh support was
randomized. The anastomotic configuration was
inserted in an artificial circulation system for com-
pliance measurement by attaching the proximal and
distal ends to adapters. The configuration was then
removed and reinserted twice after sheathing with the
appropriate mesh support or removing the mesh
support for the second and third compliance measure-
ments. The longitudinal tension of the arteries was 4 N.5External mesh support
The external stent consisted of a porous polybutylen-
terephthalate mesh whose mesh structure determines
whether the support is elastic or non-elastic. The size
of the pores was 0.5 mm. The mesh covered the vessel
from 20 mm proximal to 20 mm distal to the anasto-
motic suture line. The diameter of the external mesh
tubes was adapted to the vessel diameter (6 mm).Compliance measurement
All measurements were performed in an artificial
circulation system6 consisting of elastic tubing (Tube
E-A-N, Vernere, Charny, France), a height adjustablereservoir (allows a mean systemic pressure variation
from 30 to 200 mmHg), a bellows pump with a
frequency of 110/min and an adjustable flow rate
between 50 and 710 ml/min (Iwaki, Tokyo, Japan).
The Windkessel function of the aorta was simulated by
an elastic reservoir, whereby the amplitude between
diastolic and systolic pressure could be modified with
the size of the reservoir. The anastomotic configuration
was mounted on a holder system with adjustable
longitudinal tension. Bubbles were removed from the
system by a bubble trap. A numerically controlled
rotation system of the anastomotic configuration
allowed scanning in several rotational planes, allow-
ing for the acquisition of more data with fewer
artifacts. Pressure was measured with a pressure
transducer (Statham P-23 ID, Gould, Cleveland, OH,
USA) linked to a pressure monitor (Siemens, Erlangen,
Germany). A mean systemic pressure of 90 mmHg,
and a pressure amplitude of 50 mmHg was used in the
circulation system. The diameter of the anastomotic
configuration was measured with a Keyence high-
speed laser scan micrometer, type LS-5001 (Osaka,
Japan) mounted on a numerically controlled
longitudinal positioner with a system accuracy of
G0.01 mm. This construction allowed a longitudinal
laser scanning of the vessel segment. All values were
digitized by PC using a data acquisition card
(Advantech PCL-818-HG) and a data aquisition soft-
ware DASYLab 4.0 (National Instruments Services
GmbH and Co. KG, Moenchengladbach, Germany).
PC and software were also used to control the
longitudinal and rotational positioning devices
(Astra SAS 20). Circumferential compliance was
measured in three planes by rotating the anastomotic
configuration from 0 to 608 and 1208.
The perfusion fluid used was a newly developed
particle suspension (proRheo, Althengstett, Germany,
patent pending). The solution is regarded as a blood
analogue in that it is non-toxic, has viscous properties
of blood, seals the anastomotic flange as do blood cells
and flow profiles can be characterized with ultrasound
methodology. An important advantage of the particle
suspension over blood is that the particles remain
intact even in circulation systems containing bellows
pumps with extremely high local shear stress. Blood
cells disintegrate in such systems, resulting in
viscosity changes of the blood and release of
vasoactive factors from the blood cells.7
The scanned distance in all configurations was
80 mm with the suture line in the middle section. A
total of 73 points, each in three rotational planes, were
scanned to measure the circumferential compliance.
At each point diameter, mean systemic pressure and
pressure amplitude were recorded. The distancesEur J Vasc Endovasc Surg Vol 30, October 2005
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to 20 mm away from the anastomosis, 1 mm steps up
to 6 mm away from the anastomosis and 0.5 mm steps
on both sides of the suture line. From these data
circumferential compliance, which was used here to
describe a localized biomechanical property, was
calculated by using the following equation:
CcircZ
DD
DP!D
%
100 mmHg
 
where Ccirc is circumferential compliance, DD is the
difference between maximum and minimum diameter,
DP is difference between maximum and minimum
pressure and D is diastolic diameter. Circumferential
compliance and diameter distensibility are both used
to describe vessel elasticity. Since the majority of
studies pertaining to vessel elasticity use circumfer-
ential compliance to describe elasticity, this term was
used for reasons of comparison, even though the term
diameter distensibility is mathematically more correct.
For reference, diameter distensibility is defined as
DiameterKDistensibilityZ 2
DD
DP!D
1
kPa
 
where DD is the difference between maximum and
minimum diameter, DP is difference between maxi-
mum and minimum pressure and D is diastolic
diameter.Statistical analysis
Initial values were means of compliance in 3 rotational
planes at a particular point. Para-anastomotic hyper-
compliance (pre- and post-anastomotic) and anasto-
motic compliance drop were identified as regions ofFig. 1. Exemplary longitudinal compliance profile of a single ar
Eur J Vasc Endovasc Surg Vol 30, October 2005interest and their deviation from the reference, remote
from the suture line, were the parameters used to
describe the degree of compliance-mismatch.8 The
reference compliance was a mean of ten consecutive
measurements approximately 2 cm proximal to the
anastomotic suture line (in the case of the meshed
configuration the reference area was covered by mesh,
in the case of the unmeshed configuration the
reference area was unmeshed). The value for the pre-
and post-anastomotic hypercompliant zone was a
single point. It was defined as the highest point of a
whole area with elevated compliance values near
(peak located maximally 10 mm before or behind) the
anastomotic suture line. The maximum compliance
elevation in the para-anastomotic hypercompliance
zones was always significantly higher than the
standard deviation of the reference area. The value
for the anastomotic drop was also a single point, the
lowest compliance value, at the anastomotic suture
line.
To evaluate statistical significance the Student’s
paired t-test (normal data distribution established
with the Kolmogorov–Smirnov-test) was used to
compare the compliance profile achieved with the
elastic or non-elastic mesh support with the compli-
ance profile achieved with the unmeshed control
group. Values are expressed as means (Figs. 1 and 2)
or as box plots (Fig. 3) with median and 75th and 25th
percentile, nZ6.Results
A single exemplary end-to-end anastomosis shows
typical para-anastomotic hypercompliance (pre- and
post-anastomotic) and an anastomotic compliance
drop at the suture line (Fig. 1). The typical pre- andtery–artery, end-to-end anastomosis without external sheath.
Fig. 2. Exemplary longitudinal compliance profile of a single artery–artery, end-to-end anastomosis with a non-elastic
external dacron sheath.
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are smoothed by dacron sheathing in a single
exemplary anastomosis, as shown in Fig. 2.
Median pre-anastomotic hypercompliance and
post-anastomotic hypercompliance were, respectively,
1.45 and 1.19%/100 mmHg above the reference
compliance (Fig. 3). Use of the elastic mesh support
significantly reduced the median hypercompliance to
0.68%/100 mmHg (pre-anastomotic) and to 0.34%/
100 mmHg (post-anastomotic). Similarly, the use of a 
 
Fig. 3. Compliance expressed as difference from reference com
and without external mesh support.non-elastic mesh support caused approximately the
same significantly reduced median hypercompliance
0.53%/100 mmHg (pre-anastomotic) and 0.43%/
100 mmHg (post-anastomotic).Discussion
In 1976 Baird and Abbott postulated the compliance-
mismatch hypothesis9,10 which showed a correlation
between elastic properties of implanted vascular grafts 
 
 
 
 
 
 
pliance (pre-anastomotic) in artery–artery anastomoses with
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nical behaviour of the vessel wall results in altered
mechanical stress on the smooth muscle cells of the
media and to the endothelial cells of the intima. Such
stimuli trigger pathways which lead to myointimal
proliferation and matrix deposition and can lead to sig-
nificant stenosis in smaller anastomised arteries.4,11–18
The biomechanical parameter, compliance, is
altered by vessel wall injury and suture.8,19 Compli-
ance changes following an end-to-end anastomosis
can be divided into three different components: (1)
different compliance of bypass graft material and
receiving artery, (2) compliance drop at the suture
line, (3) para-anastomotic hypercompliant zones.
Compliance mismatch is a combination of all three
components. The hypercompliant zones occur
approximately 1–12 mm proximal and distal to the
suture line, peak expression of the hypercompliance is
around 1.2–3.8 mm away from the anastomosis.19
Para-anastomotic hypercompliant zones are defined
as at least 2 mm in longitudinal extension, compliance
must be at least double the normal deviations
observed in the longitudinal profile and the compli-
ance increase is near the anastomotic region.19
Suture materials and techniques have been shown
to influence the occurrence and extent of hypercom-
pliance and anastomotic drop.8 Modifying the shape
or configuration of an anastomosis, termed anastomo-
tic engineering, has led to increased patency rates in
clinical studies.20 Cover of venous bypasses with mesh
support results in reduced vein graft neointima
formation and vascular cell adhesion molecule 1
expression as well as in longer patency rates.21,22 It
also has been shown that modifying the distal
anastomoses of end-to-side bypasses can smooth the
compliance profile.23 This study shows that external
mesh support, whether elastic or not, of an end-to-end
arterial anastomosis, significantly smooths the com-
pliance profile. The biomechanical improvement
supplied by the mesh support, which leads to better
patency rates in vein bypasses22 may also apply to
anastomoses. Possibly, smoothing compliance results
in less stimuli to smooth muscle cells of the media and
to the endothelial cells of the intima and consequently,
less intimal hyperplasia and longer patency. Therefore,
anastomotic engineering by means of external mesh
support is a research field well worth pursuing.
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